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Abstract 
 
In comparison with other ecosystems, peatlands occupy the largest area of forest habitats in Poland. Forests were, 
are and will be a natural shelter for peat bogs. For centuries, forests and bogs have been converted to other land uses, 
mainly agriculture. On the other hand, intensive afforestation works have been carried out over large tracts of bogs, 
especially in the period before the seventies of the twentieth century. Today, the afforestation of bogs is not practiced 
any longer. The most valuable natural ecosystems in the forest, including bogs, were preserved, mainly due to the 
efforts of the State Forests National Forest Holding. Sustainable and multifunctional forest management conducted by 
the State Forests for over eighty years, harmoniously combines forest production with nature conservation functions. 
The paper presents the examples of actions taken by the State Forests organisational units aiming to save forest bog 
ecosystems. The presented results of the research conducted by the Forest Research Institute in Warsaw (mainly in the 
territory of the Bialystok Regional Directorate of the State Forests – RDSF) point to a relationship between forests and 
bogs indicating that changes in one ecosystem affect the condition of the other.  
Presented research showed changes in the species composition of peat bog vegetation for the majority of bog 
ecosystems, namely the disappearance of plant species representative for peat bogs, such as Sphagnum spp. The 
expansion of mezo-and eutrophic species typical of deciduous forests was noted in swamp forest habitats. The long-
term studies conducted in the BiałowieŜa forests confirm that the successional processes in the studied wetland habitats 
are dependent on the environmental changes, such as the lowering of the groundwater level and climate changes. In 
many locations, however, the opposite processes are observed resulting, for example, from dam construction by 
beavers. In such cases, the formation of early stages of marshy habitats replacing forests is observed. Nevertheless, the 
future of the forest peat bogs in Poland is not threatened. A relatively large area of forest bogs has been preserved and is 
well protected.  
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1. Introduction 
 
For centuries, forests and bogs have been 
converted to other land uses, mainly agriculture. On 
the other hand, intensive afforestation works have 
been carried out over large tracts of bogs, especially 
in the period before the seventies of the twentieth 
century.  
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Some data about forests in Poland are given 
here below [16]:  
• area of forestland – 9295.6 thousand ha,  
• forests – 9088,6 thousand ha,  
• the share of forestland in the country’s landmass 
– 30.4%,  
• forest cover – 29.1%,  
• forests managed by the State Forests – 7068 
thousand ha,  
• publicly-owned forests – 7434 thousand ha,  
• privately-owned forests – 1655 thousand ha.  
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preserved; most of them being located on land 
managed by the State Forests (table 1).  
 
Table 1. The share of wetland forests and forestland 
less forests in the State Forests in wetland forest 
habitats by type (‘000 ha and %) [15] 
Forest area Forestland 
less forests 
 
Forest habitat 
types  ha % % 
Bb  11 655 0.2 8.1 
BMb 38 365 0.5 3.3 
LMb 42 287 0.6 5.5 
Ol 126 798 1.8 3.3 
OLJ  54 211 0.8 1.5 
Lł  30 346 0.4 3.2 
BbG  335 - 17.4 
LłG  1 528 - 9.2 
OlG  56 - 9.1 
Other forest 
habitat types 
(non-wetland 
area)  
6754 296 95.7 1.2 
Total  7059 877 100 1.3 
Bb – coniferous bog forest  
BMb –mixed coniferous bog forest  
LMb – mixed broadleaved bog forest  
Ol – alder forest  
OLJ – alder-ash forest  
Lł – riparian forest  
BbG – mountain coniferous bog forest  
LłG – mountain riparian forest  
OlG – mountain alder forest  
 
The protection of wetlands, including bogs, on land 
managed by the State Forests (prior to the 
implementation of the Natura 2000 programme):  
• establishment of nature reserves (floristic, 
faunistic, forest, water),  
• strict protection of the entire or part of wetland 
habitats,  
• establishment of nature-landscape protected 
areas,  
• protection of areas of ecological utility,  
• active re-establishment of wetlands.  
The current bog protection under the Natura 
2000 network in forest areas includes:  
• 7110 active raised bogs,  
• 7120 degraded raised bogs still capable of 
natural regeneration,  
• 7140 transitional mires and quaking bogs,  
• 7150 depressions on peat substrates of the 
Rhynchosporion, 
• 7210 calcareous fens with Cladium mariscus 
and species of the Caricion davallianae,  
• 7230 alkaline fens,  
• 91D0 bog woodland (Vaccinio uliginosi-
Betuletum pubescentis, Vaccinio uliginosi-
Pinetum, Pino mugo-Sphagnetum, Sphagno 
girgensohnii-Piceetum).  
The State Forests is implementing the 
programme Small-Scale Retention in the Lowlands 
under the Operational Programme EU Infrastructure 
and Environment. The Programme anticipates the 
construction of 3300 small retention reservoirs (by 
the end of 2014) which will allow to store 31 
million cubic meters of water.  
The Programme is to ensure a complete or 
partial control of water outflow through the use of 
specialist structures and activities:  
• various types of horizontal water gates,  
• earth-wooden dam structures,  
• earth embankments reinforced with horizontally 
embedded wooden logs,  
• an overflow reinforced with stones,  
• filling of drainage ditches and sites with natural 
water outflow (partly or completely),  
• construction of new sections of earth 
embankments to stop the outflow of water from 
the bog,  
• other. 
 
2. Material and methods  
 
The main goal of the research was to show that:  
• Forests are a natural shelter for bog habitats,  
• Changes in wetland ecosystems in forest areas 
are under the influence of the natural and 
anthropogenic factors,  
• The State Forests pursuing multifunctional, 
sustainable forest management is the guarantor 
of maintaining wetland ecosystems in good 
condition.  
In the paper we present the results of the research on 
marshy forest areas located primarily in the 
Białystok RDSF.  
 
3. Results and discussion  
 
Due to their specific properties, hydrogenic 
habitats play a fundamental role in the water balance 
of forest ecosystems. They are the natural reservoir 
of drinking water and play an important natural role 
in retaining surface and ground water resources. The 
role of forest wetlands as the supplier of water to 
other ecosystems is also invaluable [1]. Marshy 
habitats are the niche for many rare species of flora 
and fauna[2, 3, 4, 7]. Their significance has been 
recognized throughout the world and thus they have 
become the primary object of protection in the 
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international legal documents: Habitats Directive 
and Natura 2000, Ramsar Convention.  
The research conducted at the Forest Research 
Institute in Poland included a range of issues related 
to the functioning of natural ecosystems, peat bogs 
and wetland habitats in forests, such as:  
• determining the phytocoenotic changes ongoing 
in the drying hydrogenic habitats of the 
BiałowieŜa Primeval Forest and the ways of 
preventing the process,  
• developing the methods of management and 
protection of forest hydrogenic habitats in the 
context of successional changes,  
• plant succession in the wetland habitats of 
forests in north-eastern Poland. 
The report Development of methods of forest 
management and protection of hydrogenic habitats 
in the context of successional changes [8] 
summarized a four-year study (2005 - 2009) on the 
succession of wetlands and their conservation 
methods carried out by the Forest Research Institute 
in Warsaw. The study included: the BiałowieŜa 
Primeval Forest, the Augustowska Primeval Forest 
and the Mazury Forests. The aim of this study was 
to determine the causes, direction and nature of 
changes occurring in hydrogenic habitats and to 
develop an action plan to ensure their sustainability.  
The specific objectives of the project were to 
identify and analyse trends in climate and water 
conditions, to determine the scope, dynamics and 
causes of changes in the ground water level in 
drying habitats, identify the causes, direction and 
nature of changes in plant communities and to 
develop ways to prevent the drying process in the 
studied habitats.  
Phytosociological and soil studies were 
carried out on the research areas established by 
Professor Aleksander Sokołowski in 1950-1980. A 
total of 107 research areas located in forest wetland 
habitats were analysed. All research areas were 
located in nature reserves, so that the obtained 
results were treated as typical of the conditions close 
to natural. The research areas were permanently 
marked in the field and are currently regarded as 
permanent research plots.  
The chemical composition of soil and the 
thickness of peat layer were diagnosed and the depth 
of groundwater table was measured. 
Phytosociological surveys (relevés) associated with 
long-term succession of vegetation on raised bogs 
and ash-alder swamp forest habitats in the 
Knyszńska Primeval Forest were taken. 
Phytosociological surveys made by Professor 
Sokołowki in the 1960s were repeated in forest 
wetland habitats in north-eastern Poland. The 
research areas were restored, bore cores were 
collected containing a description and measurement 
of peat thickness and the depth of groundwater 
table.  
In 2009, research on alder-ash swamp 
habitats was conducted. The results were presented 
in the report of the Forest Research Institute 
Evaluation of changes in biodiversity in the ash-
alder swamp forest habitat in terms of its 
restoration and conservation in the forests of north-
eastern Poland [9].  
In 2009, an article was published which 
presented some results of the studies concerning the 
impact of beavers on the alder-ash forest habitats 
growing on mineral and moorsh soils [10] indicating 
a significant impact of these animals on changes in 
the water relations and associated changes in the 
species compositions of plant communities over 
large areas of forest.  
In 2010, the Forest Research Institute 
developed scientific documentation Succession of 
vegetation in forest wetland habitats of north-
eastern Poland [5]. Successional studies of wetlands 
focused mainly on identifying the impact of 
irrigation treatments on forest vegetation and stand 
growth. Currently, the role of wetland ecosystems in 
the water cycle in nature is increasingly more 
appreciated and the ecological studies of bog 
communities, including their dynamics become a 
contribution to their conservation. The aim of this 
the study was to identify the direction and nature of 
changes occurring in forests’ natural wetlands.  
The studies on the succession of plants in 
hydrogenic habitats were conducted in north-eastern 
Poland which, in this region, are characterized by 
the highest degree of naturalness. The studies 
involved nine phytosociological plant associations 
occurring in wetlands and riparian habitats. The 
study area was located in the BiałowieŜa, 
Augustowska, Knyszynska and Romincka Primeval 
Forests. The results confirmed that over the last 40 
years forest wetland communities had changed both 
in terms of the species composition and vertical 
structure of phytocoenoses.  
In all the communities there has been 
dynamic development of the second floor of the 
stand, undergrowth and herb layer, with a 
simultaneous decrease in the moss layer coverage. 
An analysis of the vegetation based on 
environmental indicators shows the drying out of 
habitats in the last forty years. A decline in the 
moisture content of habitats has caused an increase 
in the coverage of herb and shrub layers, while 
reducing the moss coverage. In the species 
composition of forest floor, the process of the 
disappearance of species characteristic of peat bogs 
has been observed. One of them is Sphagnum spp. 
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playing an essential role in peat sedimentation. In 
the swamp forest habitats, the expansion of several 
of mezo-and eutrophic species of deciduous forests 
has been noted, which is mainly due to the ongoing 
process of peat mineralization, leading to an 
increase in habitat fertility. The biggest changes in 
the floristic composition have taken place in the 
floristic composition of the forest floor in boreal 
spruce forests, in sapwood and pine raised bog.  
Studies on the dynamics of natural plant 
communities growing in ash-alder swamp habitats 
point to a reduction in habitat moisture content [6], 
which in turn leads to the transformation of ash-
alder swamp forests into the wet form of oak-
hornbeam forests [11].  
This indicates a significant reduction in 
habitat moisture index calculated on the basis of the 
herb layer, and more than threefold increase in 
coverage of the species typical of oak-hornbeam 
forests.  
Over the last forty years, the coverage of 
lower layers of forest stands in the surveyed 
phytocoenoses has increased with a simultaneous 
decrease in the coverage of the moss layer and the 
first  forest floor. A significant reduction in the 
coverage of the understorey in the comparable 
period is due to the widespread ash dieback. The 
increase in species richness has involved mainly 
herbaceous plants, which also has significantly 
contributed to the increase of overall species 
diversity.  
In 2010, Czerepko (2010a) analysed changes 
in the structure of forest stands on marshy habitats 
in the BiałowieŜa Primeval Forest [4]. The study 
was conducted on four permanent experimental 
plots in the BiałowieŜa Primeval Forest in the years 
1973 - 1974, 1985, 1998 and 2008. The presented 
results concerned the long-term studies of the 
natural dynamics of forests in two communities: 
Ledo-Sphagnetum magellanici association of marsh 
Labrador tea (Ledum palustre) and midway peat 
moss (Sphagnum magellanicum) and on the 
transitional bog association Sphagno girgensohnii-
Piceetum, represented by the boreal spruce forest. 
The results of the analysis of the four study periods 
show that the successional processes of forest 
wetland habitats in the BiałowieŜa Primeval Forest 
are dependent on environmental changes, such as 
drying out, caused by the lowering of the 
groundwater level, as well as climate change, 
entailing inter alia, an increase in air temperature 
and a decrease in the precipitation level.  
What is nature conservation and whom does 
it serve? This is a very important issue for both 
forests and wetland ecosystems.  
The Natura 2000 programme assumes 
stability for the two ecosystems. The static approach 
to nature set in the Natura 2000 programme is 
contradictory to the theoretical fundamentals of 
evolutionary biology defined by Charles Darwin 
about one and a half century ago. The Natura 2000 
programme is a mixture of various concepts. It 
protects the selected elements of ecosystems which 
deviates from the earlier approaches to nature 
conservation in Poland and other countries [14]. The 
programme does not take into consideration the 
natural succession of plant associations and natural 
climate disturbances, such as floods, fires, etc.  
Eventually, all bogs will be overgrown by 
forest. This natural process can be accelerated by 
human activity. Therefore, in order to maintain the 
open nature of bog ecosystems it is essential to take 
measures, such as re-establishment of water 
relations or removal of trees and shrub thickets from 
the bog area. The experiments with small and large 
bogs with or without water inflow show that there 
are no simple and universal ways of their 
conservation [13].  
Peat bogs can also be destroyed by floods. 
The flood that took place on the east coast of the 
Szczecin Lagoon and in the mouth of the Oder 
River can serve as an example. At the end of 2007 
and the beginning of 2008, the flood destroyed the 
most valuable low, transitional and raised bogs in 
this area protected as nature reserves.  
They are located in the Natura 2000 bird 
refuge “Łąki Skoszewskie” (PLB320007) and in 
special areas of habitat conservation: “Ujście Odry i 
Zalew Szczeciński” (PLH320018) and “Uroczyska 
w Lasach Stepnickich” (PLH320033) [12].  
 
 
4. Conclusions 
 
• The multifunctional forestry model fulfils three 
functions in the State Forests in Poland. The 
nature protection function (including protection 
of wetlands and bogs) results from the economic 
and social forest functions.  
• The future of forest bogs in Poland is not 
threatened.  
• In comparison with other European countries, 
the number of bogs in Poland is relatively high 
and they are well protected.  
• The assumptions of nature conservation under 
the Natura 2000 programme arises arouse much 
concern. The decision about the protection of 
bogs is based on a list of specified plant species, 
including those associated with these habitats, 
but not peat-forming species.  
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• For correct conservation of bogs other criteria 
should be taken into account, such as abiotic 
factors, including floods, fires, geology of the 
area, the succession of the ecosystem, dynamics 
of peat-forming species and specific groups of 
phytocoenoses.  
• The interdependence between forests and 
wetlands is reflected in the floristic composition 
of the two ecosystems. Changes in one of them 
are reflected in the state of the other one.  
• The removal of trees and shrub thickets from 
peat bogs is expensive and ineffective in the 
longer perspective, because it halts the natural 
processes and forms labile wetland ecosystems.  
• The study conducted primarily in the territory of 
the Białystok RDSF by the Forest Research 
Institute in Warsaw showed changes in the 
species composition of peat bog vegetation for 
the majority of bog ecosystems, namely the 
disappearance of species representative for peat 
bogs, such as Sphagnum spp.  
• The expansion of mezo-and eutrophic species 
typical for deciduous forests was noted in the 
swamp forest habitats.  
• The long-term studies conducted in the 
BiałowieŜa forests confirm that the successional 
processes in the studied wetland habitats are 
dependent on the environmental changes, such 
as the lowering of the groundwater level and 
climate changes. In many locations, however, 
the opposite processes are observed resulting, 
for example, from dam construction by beavers. 
In such cases, the formation of early stages of 
marshy habitats replacing forests are observed.  
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